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1 21.06.2002 
Electronic circuit with asynchronously operating components 



The invention relates to a method of testing an electronic circuit with 
asynchronously operating components and to an electronic circuit with asynchronously 
operating components. 

For various reasons it may be desirable to include within an electronic circuit different 
5 components that operate asynchronously from one another. Asynchronous operation means 
that the electronic circuit lacks an overall clock signal that triggers all operations of the 
electronic circuit in a fixed time relation to one another. Asynchronously operating circuit 
include for example circuits that use handshake signals to synchronize pairs of 
communicating circuits! circuits that use independent clocks for different components and 

10 mixtures of such circuits. 

Although different components of the electronic circuit generally operate 
asynchronously, some synchronization at isolated points in time is sometimes necessary, for 
example to exchange data or to sequence some operations. For this purpose special interface 
elements are used that generate logic signals that depend on logic input signals from the 

15 components and on the relative timing of transitions in these input signals. One example of 
such an interface element is an arbiter circuit, which generates successive grant signals, each 
time selecting no more than one of the components on request from the components on a first 
come first served basis. The logic function of the arbiter is to make one of its outputs logic 
high when a logic low to high transition is detected on a corresponding input and none of the 

20 other outputs is logic high. 

Testing of electronic circuits is conventionally performed by applying 
different combinations of input signals to the circuit and comparing each resulting response 
at Hie outputs with a predetermined "correct" pattern, either bit for bit or through a signature 
that is compounded from the response. A preferable technique for applying test patterns uses 

25 a so-called scan chain, which switches a number of elements (such as flip-flops) of the 
electronic circuit to form a shift register during test This shift register is called the scan 
chain. The input signals are transported into the electronic circuit through the scan chain and 
applied to logic circuitry from the scan chain. Subsequently the resulting response pattern is 
loaded from the outputs of the logic circuitry into the scan chain and transported through the 
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circuit via the scan chain to a test result comparator. Thus, a thorough test can be executed 

•with little overhead. 

This test technique does not work satisfactorily for interface elements between 
asynchronously operating circuits. Due the feet that the logic output signals of such interfece 
elements depend on the relative timing of (he input signals, simultaneous application of 
different input signals during the conventional test does not lead to reproducible results. The 
relative timing of the signals that arrive at me interfece element may depend on the speed of 
the logic circuitry between the test input and the logic circuitry. This causes amenities 

during test comparison. 

In addition, any changes in the input signals of the interfece elements prior to 
the application of the test signals may affect the logic value of the output signals, and even 
the question whether the output signals have any defined logic level. A particular problem 
here is metastability, which affects the time before the interfece element assumes a well- 
defined output, dependent on the closeness of the timing of the input signals. When changes 
occur in the input signal of the interface element, due to transport of input signals through the 
scan chain, this may bring the interfece element to an undefined state at the start of 
application of me test input signals. This also makes the output signals unpredictable. Similar 
problems may arise during sampling of output signals from interface elements during normal 
operation. 



20 



Among others, it is an object of the invention to provide for an electronic 
circuit that permits well defined sampling of output signals from an interfece element whose 
logic output depends on the relative timing of its input signals. 
25 Among others, it is an object of the invention to provide for an electronic 

circuit with asynchronously operating components and an interface element coupled to the 
components, which provides for well-defined testing of the interfece elements. 

Among others, it is an object of the invention to provide for a method of 
testing of electronic circuits with asynchronously operating components which provides for 
30 well defined output signals from interface elements whose logic output depends on the 
relative timing of its input signals. 

Among others, it is a further object of the invention to provide for such a 
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patterns of input signals ate applied to the interface element prior to applying a Levant test 
signal. 

Among others, it is a further object of the invention to provide for such a 
method or electronic circuit which does not substantially affect the speed of the electronic 
5 circuit during normal operation, when the electronic circuit is not being tested. 

The invention provides for a circuit according to Claim 1 . According to the 
invention the electronic circuit provides for sampling after in which input signals are forced 
to affect the interface elements with, different delays, me delays being activated selectively 
prior to sampling. Thus, on one hand the delays do not normally slow down the circuit and on 
10 the other hand the delays ensure a well-defined temporal sequence in which the signals affect 
the interface element This ensures a predictable output signal of the interface element when 
it is sampled. 

This is used in particular for by a test control circuit that switches the electronic circuit 
between a test mode and a normal operating mode. In the test mode normal input signals are 

15 replaced by test signals from a test signal source. The test control circuit activates the 

different delays in the test mode and not in the normal operating mode. Thus, on one hand the 
delays do not slow down the circuit in the normal operating mode and on the other hand the 
delays ensure a well-defined temporal sequence in which the test signals affect the interface 
element in the test mode. This ensures a predictable output signal of the interface element 

20 when it is tested. As a result the interface element can be tested using conventional test 
circuits that compare the output with a standard "good" output. 

In an embodiment, the interface has enabling inputs that are used to 
temporarily disable the inputs of the interface element during activation, and to reenable the 
inputs delayed with respect to one another. Thus, it is ensured in a simple way that the signals 

25 at different inputs will affect the interface element in a well-defined temporal sequence. As 
an alternative a well-defined temporal sequence may be realized by using one or more delay 
lines in the normal signal paths between the test signal source and the different inputs of the 
interface elements, the delays being activated temporarily, for example in fee test mode. 
However, by using enabling of the inputs of the interface elements, it is ensured that the 

30 interface element cannot be brought into a meta-stable state by changes in the input signals 
closely before the start of relevant testing. In addition the temporal sequence of the effect of 
the signals is independent of any logic signal value dependent delay in logic circuitry 
between the test signal source and the interface element 
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In yet a further embodiment the interfile element is implemented as a set of 
cross-coupled logic gates, in which under control of clock signals the logic gates can be 
disconnected from the power supply so as to dynamically retain logic data. As described in a 
co-pending patent application of the inventors this can be used to switch the logic gates into a 
5 configuration in which test data can be transported to or fiom the logic gates though a path 
that differs from the signal paths during normal operation. la the present invention, the clock 
signals of different ones of the logic gates are activated so that the power supplies to different 
ones of Hie logic gates switch on with a delay with respect to one another. This allows signals 
to affect the interface element in a well-defined temporal sequence. 

0 

These and other objects and advantageous aspects of the circuit and method 
according to the invention will be described in more details using the following Fig.s. 



15 

Kg. 1 shows an electronic circuit; 

Fig.s 2-5 shows embodiments of an interface element; 

Fig. 6 shows a further electronic circuit; 

Fig. 7 shows a clockedNOR gate. 

20 



Fig. I shows an electronic circuit The electronic circuit comprises 
combinatorial logic circuitry 10, storage elements 12 and a test control unit 14. 
Combinatorial logic circuitry 10 has inputs and outputs coupled to storage elements 12 

25 (although single lines are shown to connect the combinatorial circuitry 10 and other 

components, it should be understood that each of these lines may represent a plurality of 
independent connections). Test control unit 14 is coupled to storage elements 12. The 
electronic circuit is also shown to contain additional combinatorial logic circuitry 16a, b, a 
delay element 17 and an interface element 18. Test control unit 14 has a test preparation 

30 output coupled to enabling inputs 19a,b of interface element 1 8, directly and via delay 
element 17 respectively. 

In operation test control unit is coupled to storage elements 12 in a 
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chcuitty 10 and the resulting logic ouJput data of combinatorial logic circuitry 10 is loaded 
into the storage dements 12, Prom there the data may again be fed to combinatorial logic 
circuitry 10 and so on. Some of the storage elements 12 may even be transparent in normal 
operation. Also data 6om storage element? 12 may be fed to external outputs or data may be 

5 fed to storage elements 12 from external inputs. In the test mode, test control unit commands 
storage elements 12 to operate as a shift register to enter test signal patterns, to supply these 
signal patterns to combinatorial logic circuitry 10, to capture the resulting test o\rtputpatterns 
and to shift out the test signal patterns for inspection. 

In normal operation different ones of the storage elements 12 may operate 

10 asynchronously from one another. That is, their ti ming may be controlled by clock signals 
that are not synchronized, or they may operate using handshake signals instead of clock 
signals or any other form of timing may be used that does not ensure a predetermined timing 
relationship between different ones of the storage element 12. 

This type of asynchronous operation requires special types of interface elements 18. These 

15 interface elements 18 produce logic output signal levels that depend not only on the logic 
level of its input signals, but also on the relative timing of transitions in the logic levels of its 
input signals. By way of example only one such interface element 18 is shown, together with 
separate logic circuitry 16a,b between the respective inputs of this interface element 18 and 
the storage elements 12. However, it will be understood that in practice the electronic circuit 

20 may contain many such interface elements 18. Also the way this interface element is coupled 
to storage elements 12 is only shown by way of example. When a plurality of interface 
elements is present they may share delay element 17. 

One example of such an interface element is an arbiter circuit, which has 
inputs for receiving request signals, and outputs, each corresponding to a respective one of 

25 the inputs, for producing grant signals. The arbiter makes at most one of the grant signals 

logic high at a time on a first come first served basis. More particularly, if none of the outputs 
is logic high the arbiter responds to a low to high transition of the signal at a first one of its 
inputs by making file signal at a corresponding first one of its outputs logic high. The arbiter 
makes the signal at the first one of the outputs logic low when the signal at the first one of the 

30 inputs becomes logic low. If a low to high transition occurs at a second one of the inputs 
when the first one of the outputs is logic high, the arbiter does not make the corresponding 
second one of the outputs logic high until the signal at the first one of the outputs has been 
made logic low. Thus, the logic output levels depend on the relative timing of transitions of 
the input signals. 
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The test preparation output of test control unit 14 and delay element 17 serve 
to make interface element 18 produce predictable output signals during test. In normal 
operation test control unit 14 first keeps the test preparation output to a level that disables the 
inputs of interface element 18. During a test in test mode, test control unit 14 first drives the 

5 test preparation output to a level that disables Hie inputs of interface element 1 8. While the 
signal at the test preparation output is at this level storage elements 12 are controlled to set up 
a test pattern that affects the signals at the inputs 19a,b of interfile element 18. Subsequently, 
test control unit changes the level of the signal at the test preparation output, so that the 
inputs of interface element 18 are enabled. Due to the operation of delay element 17 a first 

10 one of the inputs 19a is enabled a predetermined time interval before a second one of the 
inputs 19b is enabled. Thus, the signals from storage elements 12 affect interface element 1 8 
in a well defined temporal sequence, giving rise (if interface element operates properly) to 
well defined output signals, which are loaded into storage elements 12 for subsequent 
inspection. 

1 5 Although the invention has been illustrated in Fig. 1 with a test interface 

having separate logic circuitry I6a,b between it and storage elements 12, and outputs coupled 
directly to storage elements 12, die invention is of course not limited to such a configuration: 
interface element 18 may have it inputs coupled directly to storage elements 12 and/or its 
outputs may be coupled to storage elements via further logic circuitry (not shown). Also, 

20 although an interface element 1 8 is shown with an output for each input, which is typical for 
an arbiter, of course interface elements with fewer or more outputs may be used, of which 
some or all may be coupled to storage elements 12. Furthermore, although the invention has 
been illustrated in a form where results of the test are shifted out of scan chain 12, it will be 
understood that it is not necessary that all results are inspected explicitly, for example a 

25 signature of the results may be formed in a conventional way. 

Fig. 2 shows an example of an Interface element 18 in combination with a 
delay element 17. Interface element 1 8 contains a flip-flop circuit 20, an output stage 22 and 
enabling gates 24, 26. The flip-flop circuit 20 contains a pair of cross-coupled NAND gates 
200,202. The output stage contains a pair of inverters 220, 222, each coupled between the 

30 output of aiespective one of the NAND gates 200,202 of flip-flop 20 and a respective one of . 
the outputs of interface element 18- Preferably, inverters 220, 222 have been designed so that 
their threshold voltage is lower than that of NAND gates 200, 202. Enabling gates 24, 26 are 
.\'.-ta -o«i» w-roe- * fbHtincor ^nalsd to fas dens! incuts of th? interfile? element 18. 
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output coaled to an input of a respective one of the NAND gates 200, 202 in flip-flop 20. 
Thus, second inputs of AND gates 24, 26 are respectively coupled directly and coupled via 
delay element 17 to the test preparation output of the test control unit 14 as shown in Fig. 1. 
In operation, interface element 18 will produce logic low output signals when both its input 
5 signals are logic low. In this case, NAND gates 200, 202 produce logic high output signals 
that are inverted by inverters 220, 222. In normal operation the test preparation signal at the 
second inputs of AND gates 24, 26 is logic high. When one of the input signals U made logic 
high the NAND gate 200, 202 that receives this input signal via AND gates 24, 26 switches 
its output to logic low, resulting in a logic high at the output of the corresponding inverter 

10 220, 222. If the other one of the input signals later also switches to logic high, flip-flop 20 
simply retains its earlier state. 

When both input signals switch high nearly simultaneously inverters 220, 22 
do not produce a logic high output signal until the output signal from NAND gates 200, 202 
has dropped below the threshold level of inverters 220, 222. Because the threshold level of 

1 5 NAND gates 200, 202 is higher than that of inverters 220, 222, tins will only happen once 
flip-flop 20 starts to assume a definite state. Dependent on the temporal closeness of 
transitions at the inputs, it may take some time before flip-flop 20 starts to assume this 
definite state. 

Of course, it will be appreciated that the details of the interface element are not 
20 relevant to the invention, for example, instead of using inverters 220, 222 with special 

thresholds, a special semi-inverter may be used with a series arrangement of the main current 
channels of a P-MOS transistor and anNMOS transistor, one of the outputs of the flip-flop 
20 being coupled to the control electrodes of these transistors, the series arrangement being 
coupled between the other output of flip-flop 20 and a power supply connection, an output 
23 signal being derive from a node between the main current channels. In this semi-inverter 

circuit the output can only make a transition when the difference between the output levels of 
the signals at the outputs of flip-flop 20 exceeds the threshold level of one of the transistors 
in the semi-inverter. 

When the test preparation signal is low in the test mode, AND gates 24, 26 disable the signals 
30 from inputs 19a,b. The signals at the inputs of NAND gates 200, 202 in flip-flop 20 are both 
low, forcing the output signals of flip-flop 20 to logic high and the output signals of inverters 
220, 222 to logic high. Still in the test mode test control unit 14 subsequently makes the test 
preparation signal logic high, causing first a first one of AND gates 24 to pass the signal from 
input 19a and after a delay determined by delay element 17, causing a second one of the 
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AND gates 26 to pas? the signal from input 19b. Thus, the signals from inputs 19a,b reach 
flip-flop 20 in a well defined temporal sequence, leading to a well-defined state of flip-flop 
20 in a well defined time. As a result, the output signals from interface element 4uring this 
test are predictable, so that they may be compared with a standard "correct" output value. 
5 Any kind of delay element 17 may be used. Since the delay caused by delay element 17 is 
only determinative for the test when the test preparation signal enables the inputs of interface 
element IS an asymmetric delay element may be used, which provides a different delay, or 
no delay, when the inputs of interface element 18 are disabled. Using a reduced delay on 
disabling may be used to speed up the test. Although only one delay element is shown, it will 
10 be understood that delay elements may be included between test control unit 14 and both of 
ihe inputs 19a,b, as long as the delays caused by the delay elements provide the required 
* difference between the delays with which the inputs are enabled. 

Fig. 3 shows an alternative example of an embodiment of interface element In 
this embodiment delay element 17 has been omitted and a delay element 30 has been 
15 included between AND gate 36 and the input of NAND gate 202. Thus, it is ensured that 
there is a delay of the effect of making the test preparation signal high. This circuit has the 
disadvantage that the delay always affects the input signals, also during normal operation. 
However, in some circuits this is not a problem. 

Similarly, as an alternative to using disabling inputs, one or more delay elements may be 
20 inserted anywhere in one or more signal paths form storage elements 12 to interface element 
18, so as to ensure a well defined temporal sequence of input signals when a test pattern is 
newly applied from storage elements 12. In this case test control unit 14 is preferably coupled 
to these delay elements so as to relatively reduce their delay during normal operation and to 
relatively increase their delay in the test mode. Thus, no unnecessary delay occurs during 
25 normal operation. Preferably, in this case, storage elements 12 are designed so that they 
retain a fixed output signal during the time when the test pattern is shifted into the storage 
elements. 

Of course, many other circuits may be used to realize an appropriate interface 
element. For example, AND gates 24, 26 may be eliminated by using three-input NAND 
30 gates in flip-flop 20 and coupling the test preparation signal to the third inputs. Different 
kinds of flip-flops may be used, using for example cross-coupled NOR gates, the definition 
of one or more of the logic levels in the circuit may be inverted, etcetera. "What matters is that 
uxz iioiiiiil iiiuut £ &m5l5 of the int^fuC- dkzsBZBt ^tssscsr^T -Sssbisd fr om influencin g 
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way that leads to an unambiguously predictable temporal evolution of the input signals of the 
interface element 

Also, the invention is not limited to arbiter functions or mutual exclusion 
functions as shown in Fig. 2. Any kind of known interface function may be used mat depends 

5 on relative ti ming of its input signal. Enabling circuits may be added to known interface 
circuits, for example by adding AND gates such as AND gates 24, 26 at their inputs, or by 
modifying these circuits in any other appropriate way. By driving the enabling inputs from 
test control unit 14 with different delays, a well-defined response is obtained. 

In particular the invention is of course not limited to two-input interface 

10 elements. Interface elements with more than two inputs can easily be realized by combining a 
number of two input interface elements. In this case the enabling signals should of course 
enable different inputs with different delays. When interface elements are used in cascade, 
successive interface elements may be enabled each time with a greater delay than their 
predecessors in the cascade. Of course, instead of combinations of two-input interface 

15 elements, any multi-input interface circuit may be used, with added enabling inputs, which 
enable input signals from different inputs with different delays. 

Fig. 3 illustrates a circuit in which the interface circuit, when disabled, returns 
its outputs to a state with a zero logic level at both outputs, and, when enabled, responds to 
the input signals starting from that state. Of course, the invention is not limited to such a 

20 starting state. Without deviating from the invention, interface elements may be used that set 
the outputs to different states. 

Figs. 4-5 show examples of interface element that assume different states 
when disabled. Fig. 4 shows an interface element 18 that goes to a state with both inputs high 
when disabled. Fig- 5 shows an interface element 18 that goes to a state with one input logic 

25 high and another input logic low when disabled. In a further embodiment, the interface 
element may be designed so as to assume a programmed initial state, that is selected under 
control of a test control signal supplied during test, for example from storage elements 12. 
Thus, operation of the interface element may he tested under different coiufitions of relative 
timing. 

30 ' The invention is not limited to interface elements foot are used as mutual 

exclusion elements, such as described in the preceding. The invention can be applied to any 
type of interface element that produces a timing dependent oulput signal For example, the 
invention could be applied to a set-reset flip-flop. Such a flip-flop is set to a first state by a 
pulse on a first signal line and reset to a second state by a signal on a second signal line. The 
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last pulse to end determines the subsequent state of the set-reset flip-flop. During normal 
operation the set and reset pulses do not overlap, but in the test mode there is a risk of such 
overlapping pulses, when the circuit is prepared for a test or when a test pattern is applied 
that cannot occur during normal operation. This may lead to imdeteraiiiiistic behavior during 
5 the test. 

Cross-coupled NAND gates, such as those of Fig. 2 form an example of a 
circuit that can be used as a set-reset flip-flop, when a pulse that temporarily drops to logic 
low is used at the inputs of the NAND gates. By temporarily disabling the input signals from 
influencing the state of the circuit prior to the test, and reenabling the input signals to' do so 

10 during the test, a well-defined test is realized- 

Fig, 6 shows part of an electronic circuit according to an embodiment of the 
invention. The electronic circuit contains various combinatorial logic circuits 60a-c, a scan 
chain 62, a test control unit 64, a delay circuit 66 and an interface element 68. Interface 
element 68 is part of scan chain 62. Test control unit 64 is coupled to scan chain 62 and the 

15 combinatorial logic circuits have inputs and outputs coupled to scan chain 62. Scan chain 62 
contains sections 620a,b, interlace element 68 being coupled between a pair of sections 
620a,b via scan paths. Interface element 68 is also coupled to sections 620a,b via signal 
inputs and outputs of sections 620a,b and combinatorial logic circuits 60Qa,b via signal paths. 
By way of example an additional combinatorial logic circuit 60c has been shown. It will be 

20 understood that any number of such combinatorial logic circuits 60c may be present and that 
the combinatorial logic circuits 60a-c may be coupled anywhere to scan chain 62. 

By way of examples an interface element that operates as a set-reset flip-flop 
is used. Interface element 68 contains a pair of cross-coupled NOR gates 680a,b, a pair of 
output inverters 6S2a P b and a pair of scanning inverters 6843^. Nodes 686a,b each are 

25 coupled to an output of one of the cross-coupled NOR gates 680a a b, an output of one the 
scanning inverters 682a,b and an input of one of the output inverters 684a,b. NOR gates 
680a,b, scanning inverters 682a,b and output inverters 684a,b are clocked devices, with clock 
inputs coupled to clock outputs of test control unit 64. The clock inputs of NOR gates 680a»b 
are coupled to the same clock output of test control unit 64, the clock input of a first one of 

30 NOR gates 680a directly, and the clock input of a second one of NOR gates 680b via delay 
circuit 66. Interface element 680 is coupled to the scan path via scanning inverters 682a,b and 
to the signal paths via output inverters 6S4a,b. 
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supply transistors 76a,b. Logic section 70 contains PMOS transistors 72a,b and NMOS 
transistors 74a,b coupled between local power supply nodes 75a> so as to perform a NOR 
function, with an output at an output node 79- Power supply transistors 76a,b have main 
cutrent channels coupled between local supply nodes 75a,b and common supply nodes 78a,b 

5 that supply power to a larger part of the electronic circuit The clock inputs of NOR gate 680a 
are coupled to control electrodes of power supply transistors 76a,b. The signal inputs and 
outputs of NOR gate 680a are coupled to Hie control gates of PMOS transistors 72a,b and 
NMOS transistors 74a,b and to output node 79 respectively. Scanning inverters 682a,b and 
output inverters 684a,b have a similar structure, except of course that logic section 70 is 

10 replaced by a logic section that is appropriate to their function. The fijnetion of power supply 
transistors 76a,b is to control interruption of the connections between both common power 
supply nodes 78^b and output node 79. It will be understood that this function could be 
achieved by placing either or both of these transistors at other positions in the clocked NOR 
gate, for example between the transistors of logic section 70 and output node 79. 

15 In operation the circuit of Fig. 6 is capable of operating in a normal mode and 

in a test mode. In the normal mode the clock signals from test control unit 64 make NOR 
gates 680a,b operate as normal NOR gates, by making the main current channels of power 
supply transistors 66a>b conductive. In the normal mode the clock signals similarly make 
output inverters 684a,b operational, but scanning inverters 682a,b are disabled. In the normal 

20 mode the sections 620a,b of scan chain 62 fijnetion as intermediate storage elements for 
signals that travel through combinatorial logic circuits 60a-& Interface element 68 operates 
as a set reset flip-flop. By applying pulses that temporarily go high at the normal inputs the 
interface element can be set and reset, 

In the test mode, fee circuit first enters a shift-in phase in which test patterns 

25 are shifted through scan chain 62. During shifting interface element 68 operates as a dynamic 
shift register in scan chain. In this mode the scan chain 62 runs successively through one of 
the scanning inverters 682a,b and the corresponding output inverter 684a,b, subsequently it 
runs though the other scanning inverter 682a,b and the corresponding output inverter 684a 3 b. 
Test control unit 64 realizes shifting by supplying a clock signal that removes the power 

36 supply from NOR gates 680a,b, and by applying clock signals to scanning inverters 682a,b 
and output inverters 684a,b. that alternate allow power supply current to flow to scanning 
inverters 682a,b and to output inverters 684a,b in alternating phases, Thus, information from 
the input of a scanning inverter 682a,b is transferred inverted to fee output of the scanning 
inverter 682a,b in one phase, and in another phase the information is transferred inverted 





• PHNL020555EPP 018 21 - 06 - 20 ^ 08:10:081 

12 21.06-2002 
from the output of the scanning inverter 682a,b to the output of the output inverter 684^, in 
the second phase new information is also transported to the input of the scanning inverter 
682a»b. With a series of such alternating phases a test patterns is transported through scan 
chain 62. 

5 Once the test pattern has arrived at the relevant storage elements, an evaluation 

phase starts. Test control unit 64 clocks scanning inverters 682 so that they receive no power 
supply current, and it clocks output inverters 684a,b so that they do receive power supply 
current Test control unit 64 then clocks NOR gates 680a,b so that they received power 
supply current Because of delay element 66 one of NOR gates 680a,b starts receiving power 

10 supply current a well define time interval before the other. Once aNOR gate 680a,b starts 
receiving power supply current it starts passing signals from its inputs, including the relevant 
input signal of interface element 68, to its output 

Thus, the input signal can start affecting the state of the interface element one 
after the other. As long as the input signals do not affect the state (being logic low for 

1 S example) the state is determined by data from the test pattern that has been fed to the 

interface element through scan chain 62 during the shift phase. At the end of the evaluation 
phase signals from scan chain 62 have resulted into output signals at the outputs of 
combinatorial logic circuits 60a-d and interface element 68. 

After the evaluation phase output data is captured by scan chain 62 and shifted out through 
20 scan chain 62 in a shift-out phase. Shift out is controlled by test control unit 64 in basically 

the same way as shift in. 

Thus, the circuit of Fig. 6 provides for both enabling of the input signals and 

setting of the initial state of interface element 68, with a circuit that requires a small amount 

of components. Although the circuit is illustrated in terms of a set-reset flip-flop it will be 
25 readily appreciated that a similar circuit can be realised with an interface element that 

functions as a mutual exclusion element Also cross-coupled NAND gates may be used 

instead of NOR gates 680a,b. 

Moreover, it will be appreciated that the invention is not limited to the circuit 

of Fig- 6, for example the output of one output inverter 684a,b need not be directly coupled to 
30 the scanning inverter 682a,b of the interface element 68. Other storage elements may 

intervene. In fact it may not be necessary that both NOR gates 680a,b are included in scan 

chain 62: one of the NOR gates may be controlled as shown in Fig. 1. Similarly, it is not 
^ .^vwvt irk^^i c h ££ -zrtof vhs sgsa ***** exh^r inverts* rsis^ be 
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used. Also, scan chain 62 need not be used for both shifting test patterns in and results out; 
other methods might be used to apply test patterns or read result patterns- 

Although the circuit has been described in terms of testing, it will be 
appreciated that an interface element with an activatable difference between the delays with 
5 which input signals affect the interface circuit can also be used outside a test context, for 
example for sampling purposes. For example, to poll interrupt requests it may be necessary to 
sample the output of a mutual exclusion element. Such sampling may lead to errors if a met a- 
stable state of the interface element occurs at the time of sampling. By creating a differential 
delay, and more preferably by disabling the inputs of the interface element temporarily and 

10 reenabiing them with a delay relative to one another prior to sampling such meta-stable states 
can be prevented, or at least die probability of their occurrence can be reduced. However, it is 
especially advantageous to control activation of the delay with a test control circuit, because 
test procedures require some abnormal operation of the circuit (such as transport of test 
patterns) that would distort the test results that involve interface elements unless the test 

1 S control is capable of ensuring a deterministic response. 
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1 _ ad electronic circuit comprising 

- components that operate asynchronously of one another, 

- an interface element the interface element having an output and at least two inputs, each 
input coupled to a respective one of the components, the interface element supplying alogic 

5 output signal mat is a logic function of signals at the inputs, dependent on the relative tuning 
of the signals at the inputs; 

- a delay element coupled to cause a relative delay between the times after which signals at 
the inputs affect the interface element; 

. a control circuit for selectively activating the relative delay caused hy the delay element 
10 prior to sampling an output signal of the interface element. 

2 An electronic circuit according to Claim 1 comprising 
„ a test signal source coupled to the interface element; 

m the control circuit being a test control circuit for switching the electronic circuit between a 
15 normal operating mode and the test mode, so that the signals at the inputs become affected by 
test signals from the test signal source during the test mode, the test control circuit activating 
said relative delay in the test mode and keeping the relative delay deactivated in the normal , . 
operating mode. 

20 3. An electronic circuit according to Claim' 1, wherein the interface element has 

enabling inputs, each for enabling signals from a respective one of the inputs, the control 
oircuit having an activation output for supplying a deactivation signal followed by an 
activation signal during operation, the activation output being coupled to the enabling inputs, 
at least one of the enabling inputs via the delay element, so that the delay element causes a 

25 difference between the time intervals after which an activation signal from the activation 
output reaches different ones of the enabling inputs. 



4. 



An electronic circuit according to Claim 3, wherein the interface element 



^_ «. .-<-* — *l *.svi»i^ »r^C Tgtgg f» g^gg-*3ISg£r 2. 
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logic section and power supply inteacruption elements in series between, an output of the at 
least one of the logic gates and power supply connections of the electronic circuit, the power 
supply Interruption elements being arranged for switchably interrupting connections between 
an output of the at least one of the logic gates and both power supply connections of the 
5 electronic circuit, each input of the inters 

respective one of the logic gates, one of the disabling inputs being coupled to control inputs 
of the power supply connection element of the at least one of the iog^c gates. 

5. An electronic circuit according to Claim 4, comprising 

10 - a test control circuit for switching the electronic circuit between a normal operating mode 
and the test mode, the test control circuit activating said relative delay in the test mode and 
deactivating the relative delay in the normal operating mode, 

- a scan chain for shifting test patterns in and/or out of the electronic circuit, the test patterns 
affecting input signals of the interface element in the test mode, wherein an output node of 

IS the at least one ofthe logic gales is incorporated as a dynamic storage node in the sc^ chain. 

6. An electronic circuit according to Claim 2, comprising a scan chain for 
transporting test result patterns in the test mode, the scan chain being coupled to the interface 
element for reading information that depends on the output signal of the interface element. 

20 

7. A method of testing an electronic circuit that comprises components that 
operate asynchronously of one another and an interlace element, the interface element having 
an output and at least two inputs, each input coupled to a respective one of the components, 
the interface element supplying a logic output signal that is a logic function of signals at the 

25 inputs and dependent on the relative timing of the signals at the inputs, the method 
comprising 

- switching the electronic circuit to a test mode; 

_ applying test input signals to the electronic circuit from a test signal source; 

- causing a difference between the time intervals after which the test signal source affects 
30 different ones of the signals at the inputs, the test control circuit activating said difference in 

the test mode and keeping the difference deactivated in the normal operating mode. 
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ABSTRACT: 



10 



An electronic circuit that comprises components that operate asynchronously 
of one another. An interlace element has inputs coaled* to a respective one of the 
components. The interface element supplies a logic output signal that is a logic function of 
signals at the inputs and dependent on the relative timing of the signals at the inputs. The 
electronic circuit is switched to a test mode, in which test input signals are applied to the 
electronic circuit from a test signal source. During test a difference is caused to occur 
between the time intervals alter which the test signal source affects different ones of the 
signals at the inputs of fee interface element. Preferably fee test control circuit activates said 
difference in fee test mode and not in fee normal operating mode. 
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